156 perform a target localization task by indicating target location with a mouse click (similar to 157 [13]). Moreover, the more robust free-report task (compared to a two-alternative forced choice) 158 allows us to measure with the response distribution not only whether target localization is 159 facilitated or impaired under different nontarget conditions, but also whether and how much the 160 localization reports are spatially biased by the presence of nontargets (and other factors). We 161 tested target localization under the following conditions: Saccade presence (sustained-fixation vs 162 saccade trials), Nontarget number (0, 1 or 2 nontargets), Congruency of the nontarget location 163 with the initial fixation location (on the same side or opposite sides in relation to the final target) 164 and Reference frame across saccades (Relative: the same location relative to the target; Absolute:
165 the same absolute location on the display screen; and Baseline: not presented before the saccade 166 target). Each reference frame condition was tested in separate experiments; within each 167 experiment all other conditions were intermixed. We hypothesized that the presence of nontarget 168 objects accompanying the target would both facilitate and perhaps bias target localization 169 responses, with our main goal to investigate how this nontarget information interacts with 170 saccade-related information, in different locations and reference frames. Participants. An independent set of sixteen subjects participated in each of the three 
189
Eye-tracking. Eye positions were recorded throughout the experiment using an Eyelink 190 1000 Eye Tracker at 500 Hz. Eye position data were used to ensure the participants kept their 191 eyes on the target, and to measure saccade trajectories and latencies. If they were not fixating at 192 the correct location, a "Fixation Error!" message was shown on the screen, the current trial failed 193 immediately, and the next trial started. The failed trials were re-run in a random order later in the 194 block. Saccades were identified and analyzed using custom Matlab code as described below. 264 experiment that the distance between NTs and the target could not be kept at 2° before and after 265 a saccade and still include a mix of same-side and opposite-side conditions. Therefore, we 266 included all three distance conditions described above to cover both same-side and opposite-side 267 conditions in the Absolute experiment. For the main analyses, we collapsed across these three 268 distance conditions. Separate results for the three distance conditions are shown in the 269 supplementary materials.
270
For all experiments, participants completed a practice block, and then there were 12 main 271 task blocks, 48 trials each. These 48 trials were equally distributed among the 2 saccade presence 272 (no-saccade and saccade)  3 NT number (0, 1 and 2 NTs)  2 NT location (same and opposite 273 side relative to initial fixation). A minimum of 8 blocks was set as a threshold for the data to be 
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The conditions we analyzed included saccade presence (no-saccade and saccade), NT 284 number (0, 1 and 2 NTs), and NT location (same and opposite side relative to initial fixation 285 location). Each of these conditions was tested within each experiment (within-subjects), and 286 compared across experiments (between-subjects), which varied reference frame.
287
Our primary goal was to assess how the above factors influence target localization 288 performance; thus, the analyses primarily focus on the participants' mouse responses (though we 289 include some additional analyses of eye-tracking data in the supplementary materials 
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Specifically, RMSD was calculated using the formula:
where for each subject each condition, ( , ) is the response coordinates for trial i, 303 centered around the actual target location; ( , ) is the average coordinates of all responses in 304 that condition; n is the number of trials, and the denominator (n-1) is the degree of freedom to 305 get an unbiased estimate.
306
All of the above three measurements were calculated in units of visual angle. We used 307 ANOVAs and t-tests for statistical analyses; effect sizes were calculated using η p 2 and Cohen's 332 333 Accuracy of target localization 334 We first looked at the effects of saccades and NTs on overall target localization accuracy, 335 measured by the mean magnitude of error (distance) between the correct and reported locations.
336 Note that this initial measure doesn't include information on which direction the participants 337 made the error. Data were submitted to a 2 (saccade presence: 0, 1)  3 (NT number: 0, 1, 2)  3 338 (experiment: 1, 2, 3) mixed-design ANOVA.
339
The results showed a significant main effect of saccade presence, 
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To address the first question, we performed the same analysis as above for mean error In the current study, we tested how the presence of nontargets influences target 521 localization across saccades and during sustained fixation. Unsurprisingly, we found that target 522 localization performance was generally worse on saccade than no-saccade trials (in terms of 523 mean error magnitude and response variability), and the presence of nontargets improved target 524 localization performance. The presence of nontargets exerted comparable facilitation effects on 525 saccade trials and no-saccade trials, suggesting that the facilitation effect is a more general visual 526 effect rather than of particular importance to saccadic stability. We also measured response bias 527 (directional error), finding that participants' responses were biased towards both the initial 528 fixation location (saccade-related bias) and the NT locations. These two sources of bias 529 interacted in an interesting way: When both sources fell on the same side of the target they were 530 not additive, but when they fell on opposite sides of the target, the NT bias counteracted the 531 saccade-related bias. For both facilitation and bias effects, the influence of nontargets was 532 stronger when there were 2 NTs than 1 NT, and was weaker in the absolute than relative and 533 baseline experiments. Below we discuss the implications of each of these findings. 
544
In addition to a generic saccade-related decrease in performance, we also found a 545 systematic saccade-related bias: participants' responses were on average biased in the opposite 546 direction of the saccade. There are three possible sources of this saccade-related bias: bias 547 towards the screen center, bias towards the actual saccade landing position, and/or bias towards 548 the initial fixation location. In our design, the potential effect of screen center location was 549 controlled -a left/right saccade could be from center to periphery on the screen or vice versa 550 (Fig 1) -so the screen center is not likely to be the source of this saccade-related bias. The 551 second and third possibilities, however, could both have predicted a systematic response bias in 552 the same direction as we found: as reported above, both the eye landing position and the mouse 553 responses were biased towards initial fixation on average. However, the analysis differentiating 554 the influence of saccade landing position and initial fixation location revealed that while saccade 555 landing position did modulate the magnitude of response bias, there was still a significant bias 556 towards the initial fixation location even on overshoot trials when the actual eye position was in 557 the opposite direction of the target. Thus, while actual current eye position may induce some bias 558 (similar to the influence of saccade landing site on perception of the target displacement, shown 559 in [46]), the primary source of the saccade-related response bias here seems to be the initial 560 fixation location. Participants may have been using the pre-saccadic fixation location as a visual 561 or oculomotor reference, and target localization responses were biased towards this reference;
562 however, participants were not simply clicking on the location that they looked at.
563
Our result is consistent with a number of previous studies demonstrating a response bias 564 towards the current and/or initial fixation locations [13,36,47]. Sheth and Shimojo found that 565 visual memory of peripheral spatial locations can be biased towards the current fixation (i.e., 566 "foveal bias") over time, independent of saccade preparation or saccade execution. They 567 proposed that this bias likely happens during encoding period when the eccentricity of the target 568 might be underestimated [13] . A response bias towards the initial fixation location has also been 569 found across saccades, when participants retained spatial memory of a peripheral target [36] . It 570 should be noted that our design differed from these previous studies in that instead of a 571 peripheral target, our target was the saccade target to be fixated on. However, we propose that
